We calculate gluino condensate for supersymmetric Yang Mills theory on general grounds without making any assumption with regard to the weak or strong regime of the theory. Our result coincides with that obtained from an instanton superpotential when the theory is weakly interacting. The method also determines the corresponding partition function.
Supersymmetric gauge theories have long been a laboratory not only for testing beyond standard model paradigms but also for their phase structure that might be relevant for the more mundane counterpart QCD. In studying the nonperturbative behavior of a gauge theory of utmost relevance is the vacuum structure of the theory. This is strongly related to the underlying internal or global symmetries. It is rarely easy to determine the various strong gauge condensates from first principles. However there are instances where the analytical structure of the theory or powerful symmetries may provide straightforward answers. One of these cases is supersymmetric Yang Mills theory with the gluino condensate calculated in the weakly interacting regime [1] , [2] , [3] as:
Here Λ is the intrinsic scale of supersymmetric Yang Mills corresponding to,
where
is the holomorphic coupling constant,
In the strong coupling regime of supersymmetric Yang Mills the situation is more complex [1] , [4] , [5] and the results do not coincide with that in the weak regime even in the large N limit:
In this work we reiterate the calculation of the gluino condensate on general grounds and using a different method without specifying the particular regime of the theory.
The Lagrangian for supersymmetric Yang Mills in terms of the holomorphic coupling has the expression:
One can obtain a Lagrangian in terms of the canonical coupling by making the change of variable V h = g c V c [6] .
Then the beta function in the canonical coupling is the NSVZ beta function [7] :
The holomorphic and canonical coupling constants are related by [6] :
If Z is the partition function for the supersymmetric Yang Mills theory,
then one can promote the holomorphic coupling to a background chiral superfield and has:
where the right hand side of the equation corresponds to the gluino condensate and the derivative is in a functional sense. Then one can write:
Here the derivative is in the ordinary sense and η α are the Grassmann variables. Noting that on dimensional reasons and because as a Green function the quantity W 
Here the constant on the second term of the right hand of the Eq. (11) can be calibrated by asking ln Z = 0 for g h = 0 which leads to const = 0 (Note that even in the absence of this calibration our calculations although become slightly more complicated lead to the same final result for the gluino condensate). Alternatively one may write:
where c is a constant to be determined. Now consider the action and the partition function in the background gauge field of an instanton with n = 1. The partition function in this case has the expression:
where B h is the background gauge superfield. The higher order terms in the background gauge field would necessarily have higher orders of factors
Then we consider the scale anomaly associated to the partition function in Eq. (13):
where the dots stand for higher order terms. However if one considers the scale anomaly taken at µ = Λ then and thus will lead to zero. For a standard normalization of the instanton:
one then obtains:
Now we consider the same anomaly associated to Eq. (12):
Comparing Eqs. (16) and (17) leads to the determination of the constant c = N such that,
Next we start form Eq. (11) to write:
We make the change of variables µx = x ′ and µη = η ′ which yields:
We further make a change of variable of the chiral superfield
. Then the expression in Eq. (20) is the Fourier transform of the chiral superfield (where we take directly µ = Λ):
From Eqs. (18) and (21) one then determines:
In this work we calculated the gluino condensate for supersymmetric Yang Mills theory without making any assumption with regard to the regime of the theory. Our estimate agrees with that obtained in the weak interaction limit [1] , [2] , [3] in the absence of the premises induced in the computation for that case. The method employed here may offer clues in the behavior of supersymmetric Yang Mills theory both in the strong and weak regime. As a byproduct we also determined the partition function.
